H igh sodium intake increases the risk of several noncommunicable diseases (NCDs), including hypertension, 1,2 cardiovascular disease, 3, 4 and certain cancers, 5,6 that disproportionally affect low-SES populations 7, 8 In high-income countries (HICs), SES influences diet quality, whereby low-SES people tend to follow unhealthier diets-characterized by high intakes of highly processed foods and insufficient intakes of some essential nutrientsthan do high-SES people. [9] [10] [11] [12] As highly processed foods-those with added sugar, salt, preservatives, and colors to enhance or preserve palatability, look, and freshness 13 are generally high in sodium, 14, 15 it is possible that low-SES individuals consume more sodium than do their more advantaged counterparts, which could partly explain the higher NCD burden in low-SES populations. 16 The World Health Organization targets a global 25% relative reduction in NCD mortality by 2025, and a reduction in sodium intake to a population mean of 2 grams per day is 1 of the identified instruments. 17 A recent report found that the estimated global mean sodium intake was 3.95 grams per day, nearly twice the World Health Organization's recommended limit. In North America, Western Europe, and Australia and New Zealand, the estimated sodium intake ranged from 3.4 to 3.8 grams per day; in East Asia, it was 5.0 grams per day. 18 Concurrently, the Global Plan of Action on Social Determinants of Health aims to eliminate avoidable health inequalities. 19 Thus, quantifying the impact of SES on sodium intake can provide evidence needed to guide public health policy. A systematic review of differences in micronutrient intakes in Europe found positive associations between intake of most micronutrients and SES. 10 Notably, this review failed to include sodium intake. Another review examined dietary intake in exclusively low-income European populations, finding much higher than recommended sodium intakes in 2 of 3 studies. 12 Yet another systematic review, this one by Imamura et al., examining international trends in dietary quality from 1990 to 2010, found that consumption of unhealthy foods (including sodium) increased significantly worldwide, with HICs faring much worse than low-and middle-income countries (LMICs). 20 However, the authors did not assess food intake trends by SES.
This gap in the literature-and the need for evidence to guide public health policy to reduce NCDs and health inequalitiesprompted us to conduct a systematic review of the social patterning of sodium intake in HICs. We also conducted a meta-analysis of social differences in sodium intake for studies that assessed sodium intake through urine-based collection methods.
METHODS
Following the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)-Equity guidelines, 21 we conducted the last literature search on June 3, 2016, via MEDLINE, Embase, and SciELO. We considered only peer-reviewed articles meeting the following inclusion criteria: (1) reported a measure of sodium intake disaggregated by at least 1 measure of SES (education, income, occupation, or any other SES indicator); (2) were written in English, Spanish, Portuguese, French, or Italian; and (3) were conducted in a HIC as defined by the World Bank (per capita national gross income above $12 746). 22 We imposed no publication date limits. Details of the electronic database search strategy are available as a supplement to this article at http://www.ajph.org as Table A. Three reviewers (C. d. M., A.-L. M. and D. P.) independently screened all the titles and abstracts of articles returned in the electronic search, removed articles clearly failing to meet the inclusion criteria, and retrieved potentially eligible articles for full-text review. We also screened the reference lists of reviewed articles for potentially relevant articles that the electronic search failed to identify. As our review focused only on healthy adult populations of HICs, C. d. M., A.-L. M. and D. P. applied the following exclusion criteria during title and abstract screening and full-text reviewing: (1) sampled populations were from LMICs; (2) did not disaggregate sodium intake by a measure of SES; (3) exclusively included low-SES individuals, pregnant women, children, adolescents, elderly participants, or diseased patients; or (4) reported results from a trial or intervention.
To minimize the effect of a single study, we also excluded articles that reported previously published data, unless the analyses conducted were substantially different (e.g., one used income but another education as the predictor variable). After removing duplicates, C. d. M., A.-L. M., and D. P. agreed on a final list of articles to include in the systematic review. on the basis of previous systematic reviews, [23] [24] [25] [26] [27] and (2) the estimated sodium intake according to SES level. When the association between sodium intake and SES indicator was reported per year, we extracted the information for each year; however, to prevent any single study from providing a disproportionately high number of associations, we included only the oldest and most recent reported data estimates from periodically repeated cross-sectional studies (e.g., the National Health and Nutrition Examination Survey). To minimize misclassification bias in intermediate categories, we selected only the lowest and highest categories per SES indicator, as recommended 28 and done by previous systematic reviews. 10, [23] [24] [25] [26] [29] [30] [31] Quality Assessment
Data Extraction
We performed a quality assessment of included articles' strengths and limitations according to 3 criteria: (1) sample (2 possible points), (2) analysis (3 possible points), and (3) presentation (1 possible point), with a maximum possible score of 6, which we adapted from a previously published quality score assessment 31 to better fit the objectives of our article (Table 1) . We considered the article quality as higher (scores ‡ 4), intermediate (scores 2 or 3), or lower (score £ 1). C. d. M. and D. P. independently assigned scores, discussed differences, and agreed on a final score.
Statistical Analysis
When possible and if previously unreported, we calculated the magnitude of relative difference in sodium intake between high-and low-SES groups for each article applying the formula: ([value for high-SES group -value for low-SES group]/[value for high-SES group]) · 100. 24, 32 We contacted the corresponding authors to request data results whenever these were not reported in the article; 7 provided data results. (All contacted authors and the outcome are available as a supplement to this article at http://www.ajph.org as Table B .) When possible, we calculated the sodium to potassium ratio. We considered an association significant if reported as such, and we set an arbitrary 10% relative difference as clinically relevant and significant, as previously done. 24, 26, 32, 33 After assessing data comparability across articles, we conducted a meta-analysis of the relative difference in sodium intake between high-and low-SES groups, and we have reported the standardized mean difference (SMD). We included articles in the meta-analysis if they (1) reported urine-based sodium estimates (because questionnaire-based estimates were too heterogeneous or failed to provide necessary data points); and (2) provided the total participant numbers in the low-and high-SES groups, the estimated sodium intake means for each group (in mg/day or convertible units), and the SDs (or transformable measures). When both adjusted and unadjusted estimates were provided within each article, we incorporated the former into the meta-analysis. We chose a randomeffects model to account for both withinstudy and between-study variance, as recommended. 34 We conducted 6 different sensitivity analyses by doing the following:
1. applying a fixed-effects model assuming an equal effect size across studies, 2. presenting the effect size according to SES indicator, 3. presenting effect sizes separately for models adjusted for potential confounders and for unadjusted models, 4. limiting analysis to higher-quality articles, 5. repeating the meta-analysis with each study removed sequentially, and 6. meta-regressing estimated sodium intake against the level of SES (1 = lowest SES; ‡ 2 = higher SES).
We assessed the presence and effect of publication bias using the Kendall tau and the Egger test. 35 We performed statistical analyses in Stata version 14 (Stata Corp., College Station, TX).
RESULTS
The selection procedure is summarized in Figure 1 . The systematic search identified 2009 articles; after title and abstract screening, 196 remained for full-text inspection. Sixty-three articles complied with the inclusion criteria, but we excluded 12 for reporting intermediate years from repeated cross-sectional studies, leaving 51 articles for final inclusion. Incomplete results presented (or data not shown)
for SES-sodium intake analysis
Note. BMI = body mass index; SES = socioeconomic status. We assessed articles included in the review on their strengths and limitations according to 3 sets of criteria: sample, analysis, and presentation.
scoring is available as a supplement to this article at http://www.ajph.org as Table C) . Twenty-two articles used urine measurements to assess sodium intake: 15 used 24-hour urine collection, the gold standard assessment method; 1 used 12-hour urine collection 51 ; 5 used the spot urine test; and 1 used the first morning void method. 57 Thirty articles reported sodium intake measured via dietary surveys, including 24-hour dietary recalls (16 articles), 72-hour dietary recall (1 article), 7-day dietary recall (1 article), food frequency questionnaires (7 articles), dietary records (3 articles), food diary (1 article), and dietary history questionnaire (1 article; Table 2 ).
Overall, 45 articles included education as the SES indicator, 20 income, 20 occupation, and 15 other SES indicators ( Table 2) .
The 22 articles reporting urine-based sodium intake assessed 54 associations with SES: 36 were negative (67%), 2 positive, and 16 nonsignificant (the overall pattern of associations is available as a supplement to this article at http://www.ajph.org in Figure  A) . Figure 2 displays the relative difference in sodium intake between low-and high-SES groups for each association assessed per article for which data were available; 9 articles reported the association without showing data results. 37, 39, 40, 57, 59, 60, 65, 82, 84 Associations between urine-based sodium intake and SES were predominantly negative, ranging from -19% in 4 different studies from Chile, 52 England, 55 Italy, 43 and South Korea, 54 to a nonstatistically significant -1% in a study from England. 56 Only 2 studies reported positive relative differences, although none was statistically significant.
36,51
Reported associations were adjusted differently per article, but most were adjusted for 1 or more potential confounders (energy, body mass index, age, gender); only 4 articles reported unadjusted associations. The corresponding absolute difference in sodium intake between low-and high-SES groups is available as a supplement to this article at http://www.ajph.org as Figure B (if data were available).
The 30 articles reporting diet-based sodium intake estimates assessed 117 associations with SES: 48 were negative (41%), 24 positive (21%), and 45 nonsignificant (38%; Figure A ). As Figure 2 shows, there was no clear pattern in the association between diet-based sodium intake and SES, with relative differences ranging widely from -19% in 1 study in the United States 72 and -17% in 1 study in Ireland 76 to 14% in 1 study in South Korea 64 and 13% in 1 study in the United States. 66 Most associations were adjusted for potential confounders, but 6 articles reported only unadjusted associations (Figure 2 ; see corresponding absolute differences in Figure B) .
Of the 22 articles that reported urinebased sodium association with SES, only 7 36,38,44,48-50,54 reported necessary and comparable data to be included in the metaanalysis. Six contacted authors provided additional data results. 45, 46, 52, 53, 55, 56 Therefore, we included 12 study populations from 13 articles in the meta-analysis-2 articles analyzed the same study population but each used different SES indicators 48, 50 representing 42 255 combined participants from 9 countries. Figure 3 shows the Forest plot from the random-effects model, presenting the overall pooled effect size in relative difference in sodium intake between low-SES and high-SES groups and separately by the sodium intake measurement method. Overall, the SMD was -0.14 (95% confidence interval [CI] = -0.18, -0.09); among articles that relied on 24-hour urine collection to estimate sodium intake, the SMD was also -0.14 (95% CI = -0.21, -0.08); among articles that relied on spot urine to estimate sodium intake, the SMD was -0.13 (95% CI = -0.19, -0.07). The I 2 statistic indicated likely overall and subgroup heterogeneity (I 2 > 50%; P < .01 for each). The pooled relative difference translates to a global 503 milligrams per day (95% CI = 461, 545) of higher sodium intake among people of low SES, a difference ranging from 423 milligrams per day (95% CI = 352, 493) in Australia to 589 milligrams per day (95% CI = 491, 687) in the East Asian countries (South Korea and Japan).
In sensitivity analyses, the pooled effect size was slightly attenuated using fixed-effects models among studies that relied on urine spots to estimate sodium intake (SMD = -0.08; 95% CI = -0.10, -0.07; Figure C Figure H , available as a supplement to this article at http://www.ajph.org). Nineteen articles provided associations between the sodium to potassium ratio and a SES indicator. We calculated the ratio from 8 articles that reported both sodium and potassium intake disaggregated by SES. 36, 46, 66, 67, 70, 76, 80, 85 Of 41 total associations, 30 were negative (73%), 2 positive (5%), and 9 nonsignificant (24%).
Among articles that reported urine-based sodium intake estimates, the pattern of association with SES was generally negative in all world regions, ranging from 50% of all associations that were negative in Australia, East Asia, and North America to 77% in Western Europe. However, no clear pattern emerged among articles that reported diet-based sodium intake estimates.
Only 7 articles reported associations between sodium intake and SES across time. 55, 58, 62, 64, 70, 71, 74 One article found that despite a nationwide decrease in sodium intake since the year 2000 in the United Kingdom, the relative difference in sodium intake between low and high SES remained unchanged after 10 years. 74 Another article from England found that the relative difference in sodium intake remained unchanged from 2004 to 2007. 55 One article from South Korea found that between 1998 and 2005 the relative difference in sodium intake increased from -5% to -9% among men and from -6% to -16% among women. 62 Another article found that the relative difference decreased for education but increased for income. 64 Finally, 1 article found that the relative difference tended to decrease from 1985 to 2009 in the United States. 70 Only 12 articles reported sodium intake by SES separately by gender. In 7 of these articles, the direction of the association was the same between men and women. 48, 56, 62, 70, 73, 75, 85 One article found a positive association among women but none among men. 32 Two articles found a negative association among women but none among men. 41, 58 Another article found negative associations among men for education and income but a positive association for occupation and no associations among women. 82 Finally, 1 article found a negative association among women but a positive association among men. 79 
DISCUSSION
To our knowledge, this is the first systematic review and meta-analysis summarizing the evidence for an association of SES with sodium intake in healthy adult populations of HICs. Most observed associations and the SMD from the meta-analysis point to higher sodium intake among low-SES groups than among high-SES groups. Our results are in line with previous reports of suboptimal dietary intake among low-SES populations [9] [10] [11] and confirm the existence of socioeconomic inequalities in diet in HICs.
Urine-Based Sodium Intake and Socioeconomic Status
The strongest evidence originated in reports that used urine-based sodium intake estimate. Most of the associations were negative, indicating that low-SES groups had higher sodium intake than did high-SES groups. In our meta-analysis we found that 
(higher)
Note. FFQ = food frequency questionnaire; SES = socioeconomic status.
low-SES groups had 14% higher sodium intake than that of high-SES groups. Heterogeneity was present in the overall effect size, likely owing in part to different sample sizes across included studies (193-19 857), varying and disproportionate representation of SES groups (the low-SES to high-SES participants ratio ranged from 0.20 to 2.34), which contributed to widely different and nonoverlapping 95% CIs. Nevertheless, the overall effect size was similar between estimates of sodium intake from 24-hour urine collection and from urine spots. In sensitivity analyses, different subgroups by SES indicator, adjustment for confounding, and exclusions of each study sequentially failed to explain the heterogeneity observed. Importantly, the meta-regression confirmed the association between SES and sodium intake. Because of the dose-response nature of sodium's effect on blood pressure, finding of 14% higher sodium intake by low-SES groups may translate into an increased risk of hypertension and cardiovascular disease. Extending previous projections of the effect of salt reduction on future cardiovascular disease to our findings, reducing the daily sodium intake of low-SES groups in the United States to the level of high-SES groups-a reduction of approximately 400 milligrams per day-could prevent annually 20 000 to 40 000 new cases of coronary heart disease, 11 000 to 23 000 new cases of stroke, and 15 000 to 32 000 deaths from any cause and save US $4.1 to US $7.0 billion in health care costs. 86 
Diet-Based Sodium Intake and Socioeconomic Status
Among reports of diet-based sodium intake estimates, the pattern of association with SES was less consistent. For example, 2 studies from South Korea reported opposite findings, 62, 64 which may be because of SES categorization and adjustment for confounding factors: the categorization of education was considerably different and the study that found a positive association failed to adjust sodium intake estimates for any potential confounding factor. 64 The United States stood out as showing positive associations between SES and diet-based sodium intake, particularly in the National Health and Nutrition Examination Survey samples, regardless of adjustments for potential confounders. This may be because of strong recall and social desirability biases influencing participants' responses to the dietary instruments-a common limitation in dietary surveys. Interestingly, the only 2 studies assessing sodium intake from 24-hour urine collections in the United States found negative associations. 48, 49 The predominantly negative association observed with the sodium to potassium ratios supports previous findings of significantly lower potassium intake in low-versus high-SES groups. 9 Only a minority of articles reported the association between SES and sodium intake across different years, and no clear pattern could be observed; this highlights the need for improved measuring and reporting of data by SES to enable trends assessments.
Our findings also highlight the need for future research to report sodium intake in a disaggregated way using more than 1 measure of SES to better track changes in sodium intake in different population groups and to assess the impact of public health efforts to reduce socioeconomic inequalities in diet. intake than do high-SES populations, it is important to note that sodium intake was above the World Health Organization recommended limit for all SES groups in all included articles. Interventions aimed at reducing sodium intake should, therefore, target the overall population but need to take into account the higher salt consumption in low-SES groups. This may contribute to the increased risk of hypertension and cardiovascular disease in low-SES populations. Thus, in line with the United Nations Global Action Plan to reduce mean population sodium intake to 2 grams per day (5 g/day of salt), as part of the global target of 25% relative reduction in NCD mortality by 2025, 17 and the Global Action Plan on Social Determinants of Health to eliminate avoidable health inequalities, 19 appropriate public health interventions are urgently needed. Downstream interventions that focus on individual factors (e.g., education and media programs) tend to increase socioeconomic inequalities 87, 88 and should be implemented with caution. In countries where cooking and table salt contributes significantly to sodium intake, inclusion of nutritional education in school curricula should be explored. 89 Conversely, upstream interventions that focus on structural changes have the greatest potential to reduce socioeconomic inequalities in sodium intake. 87, 89, 90 One option is to restrict or eliminate advertisements of unhealthy fast food, particularly those aimed at children and adolescents, as attempted in the United Kingdom. 91 Another option, likely to have the most impact, is to legislatively mandate salt content reduction in processed food production, mirroring successful legislation to remove trans-fatty acids from processed foods in several HICs. 90 
Public Health Implications

Limitations
Our findings must be interpreted in light of several limitations. All the observed associations originated from cross-sectional analyses that used different sodium intake measurement methods. Only 15 studies used the gold standard method (24-hour urine collection), whereas the remaining studies estimated sodium intake using a variety of suboptimal methods. Estimates that derived from spot urine tests may have underestimated the relative difference in sodium intake between SES groups, because this method tends to underestimate sodium intake at high levels and to overestimate it at low levels. 92 Among studies that used dietary surveys, misreporting of sodium intake was likely common, because social desirability and reporting bias may contribute to underestimations; this is unlikely to have affected urine-based estimations, however. These widely different measurement methods likely contributed to differences in reported mean sodium intake between studies. 92, 93 This heterogeneity is an important issue when estimating overall sodium intake or when comparing estimates between different populations. However, this is less of an issue in a study such as ours, which compared within-study differences in sodium intake between SES groups.
Studies also differed in the range of socioeconomic indicators included and in their categorization, making it difficult to compare relative and absolute SES differences between studies. We attempted to minimize this bias by taking only the 2 extreme groups, as previous systematic reviews have done. 10, [24] [25] [26] [29] [30] [31] Although most articles attained higher-quality scores, more than half included only 1 measure of SES, and almost half failed to adjust the reported sodium intake by energy intake, body mass index, age, or gender. In sensitivity analysis, the meta-regression showed that the higher the SES level, the lower the sodium intake. Although the Kendall t and the Egger test showed no indication of publication bias, it cannot be ruled out with confidence.
Finally, our review focused only on HICs, but SES has been shown to influence diet quality in LMICs as well. 24 Future research should assess SES differences in sodium intake in LMICs and the impact of changes in sodium intake, particularly as these countries undergo rapid demographic, nutritional, and epidemiological transitions.
Conclusions
This systematic review and meta-analysis indicates that people of low SES likely consume more sodium than do people of high SES, which may influence the disproportionately higher burden of NCDs in socioeconomically disadvantaged groups. Our results strengthen the importance of existing global and regional targets to reduce sodium intake at the population level and should inform public health policies and interventions aimed at reducing socioeconomic disparities in diet quality and health, especially as countries work toward meeting the global target of 25% relative reduction in NCD mortality by 2025. 
